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(57) ABSTRACT

A controller of a power storage system includes a voltage
measuring device configured to be electrically coupled to at
least one cell and to generate first voltage data, the first volt-
age data comprising a first voltage value and a first voltage
measurement time of a voltage of the at least one cell, and a
current measuring device configured to be electrically
coupled to the at least one cell and to generate first current
data, the first current data comprising a first current value and
a first current measurement time of a current through the at
least one cell, the first voltage measurement time correspond-
ing to the first current measurement time in a first measuring
period, a battery management system configured to generate
aclock signal transmitted to the voltage measuring device and
the current measuring device to synchronize the first voltage
data and the first current data in a first transmission period of
the first measuring period.

15 Claims, 7 Drawing Sheets
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BATTERY MANAGEMENT SYSTEM AND
METHOD FOR SYNCHRONIZING VOLTAGE
AND CURRENT OF BATTERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of U.S.

Provisional application No. 61/525,576, filed Aug. 19, 2011. .

BACKGROUND

(a) Field

Aspects of embodiments of the present invention relate to
a battery management system.

(b) Description of the Related Art

In a power storage system, the battery may be iteratively
charged and discharged during a short period of time. In order
to calculate an accurate state of charge SOC (e.g., relative
state of charge (RSOC)) in an environment in which charging
and discharging are iteratively performed during a short
period of time, a cell voltage and a current amount should be
continuously measured with a short measuring period. A
measured voltage and a measured current respectively mea-
sured by a voltage sensor and a current sensor are transmitted
to a processor that calculates the SOC. The measured voltage
and the measured current may experience a transmission
delay or a transmission error during a transmission process,
and, accordingly, the measured voltage and the measured
current might not be easily synchronized.

SUMMARY

Aspects of embodiments of the present invention provide a
controller of a power storage system (e.g., a battery manage-
ment device) that matches synchronization of a measured
voltage and a measured current of a plurality of cells (e.g.,
battery cells) and a method for synchronization of a voltage
and a current of a battery.

A controller of a power storage system according to an
exemplary embodiment of the present invention includes a
voltage measuring device configured to be electrically
coupled to at least one cell and to generate first voltage data,
the first voltage data including a first voltage value and a first
voltage measurement time of a voltage of the at least one cell,
and a current measuring device configured to be electrically
coupled to the at least one cell and to generate first current
data, the first current data including a first current value and a
first current measurement time of a current through the at least
one cell, the first voltage measurement time corresponding to
the first current measurement time in a first measuring period,
a battery management system configured to generate a clock
signal transmitted to the voltage measuring device and the
current measuring device to synchronize the first voltage data
and the first current data in a first transmission period of the
first measuring period.

The voltage measuring device may be configured to trans-
mit the first voltage data in a number of first voltage data
transmission periods corresponding to a number of cells of
the at least one cell during the first transmission period in the
first measuring period, each of the first voltage data transmis-
sion periods corresponding to the first voltage measurement
time of'the first voltage data, and the current measuring device
may be configured to transmit the first current data in a first
current data transmission period during the first transmission
period in the first measuring period, the first current data

15

20

25

30

35

40

45

50

55

60

65

2

transmission period corresponding to the first current mea-
surement time of the first current data.

The first measuring period may further include a first pro-
cessing period for calculating a first state of charge using the
first voltage data and the first current data.

The voltage measuring device may be further configured to
generate second voltage data including a second voltage
value and a second voltage measurement time of the voltage
of the at least one cell during a second measuring period,

0 wherein the current measuring device may be further config-

ured to generate second current data including a second cur-
rent value and a second current measurement time of the
current through the at least one cell during the second mea-
suring period, and wherein the controller may be configured
to calculate a second SOC using the second current data, the
first voltage data corresponding to one or more cells of the at
least one cell, and the second voltage data corresponding to
other cells of the at least one cell, when the second voltage
data corresponding to the one or more cells of the at least one
cell is erroneous.

The controller may further include a display device con-
figured to display an error message when the second voltage
data is erroneous.

The controller may be configured to send a retransmission
request to the voltage measuring device when the second
voltage data is repeatedly erroneous.

The controller may be further configured to re-calculate the
second SOC using the second current data, third voltage data
corresponding to the one or more cells of the at least one cell
generated during a third measuring period following the sec-
ond measuring period, and the second voltage data corre-
sponding to the other cells of the at least one cell, when the
second voltage data corresponding to the one or more cells of
the at least one cell is erroneous.

The voltage measuring device may be further configured to
generate second voltage data including a second voltage
value and a second voltage measurement time of the voltage
of the at least one cell during a second measuring period,
wherein the current measuring device may be further config-
ured to generate second current data including a second cur-
rent value and a second current measurement time of the
current through the at least one cell during the second mea-
suring period, and wherein the controller may be configured
to calculate a second SOC using the first current data and the
first voltage data corresponding to the at least one cell, when
the second voltage data corresponding to one or more cells of
the at least one cell is erroneous.

The controller may further include a display device con-
figured to display an error message when the second voltage
data is erroneous.

The controller may be configured to send a retransmission
request to the voltage measuring device.

The controller may be further configured to re-calculate the
second SOC using the second current data, third voltage data
corresponding to the one or more cells of the at least one cell
generated during a third measuring period following the sec-
ond measuring period, and the second voltage data corre-
sponding to other cells of the at least one cell.

A power storage apparatus according to another exemplary
embodiment of the present invention includes a battery rack,
the battery rack including a rack controller configured to
generate a clock signal to synchronize voltage data and cur-
rent data of at least one cell, a current measuring device
configured to measure a current through the atleast one cell to
determine a current value of the current data, a plurality of
battery trays, each of the battery trays including a voltage
measuring device configured to be electrically coupled to one
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or more cells on a corresponding one of the battery trays from
among cells of the at least one cell, a tray controller config-
ured to be managed by the rack controller, and configured to
receive the voltage data from the voltage measuring device,
the voltage data including at least one of a voltage value, a
temperature value, or a measurement time of the one or more
cells on the corresponding one of the battery trays, and trans-
mit the voltage data to the rack controller, wherein the rack
controller is configured to synchronize the voltage data with
the current data, and calculate a rack state of charge using the
voltage data and the current data.

Another embodiment of the present invention provides a
method of operating a controller configured to calculate a
state of charge using voltage data and current data of at least
one cell, wherein, when the voltage data of one or more cells
of the at least one cell is erroneous in a present measuring
period, the method includes calculating a present state of
charge using most recently correct voltage data of the one or
more cells of the at least one cell, and using either correct
present measuring period voltage data of other cells of the at
least one cell and correct present measuring period current
data, or correct previous measuring period voltage data of the
other cells of the at least one cell and correct previous mea-
suring period current data.

When the voltage data of the one or more cells of the at least
one cell is erroneous in a present measuring period, the
method may further include displaying an error message,
transmitting a retransmission request to request subsequent
measuring period voltage data of the one or more cells of the
at least one cell have priority over subsequent voltage data of
the other cells of the at least one cell in a subsequent measur-
ing period, and transmitting the subsequent voltage data of
the one or more cells of the at least one cell in the subsequent
measuring period with priority over the subsequent voltage
data of the other cells of the at least one cell.

When subsequent voltage data of the one or more cells of
the at least one cell is correctly transmitted, the method may
further include calculating a first subsequent state of charge in
a subsequent measuring period using the present measuring
period voltage data of the other cells of the at least one cell and
subsequent measuring period voltage data of the one or more
cells of the at least one cell during a reprocessing period (e.g.,
reprocessing section) in the subsequent measuring period,
and calculating a second subsequent state of charge in the
subsequent measuring period using the subsequent measur-
ing period voltage data of the other cells of the atleast one cell
and the subsequent measuring period voltage data of the one
ormore cells of the atleast one cell during a processing period
in the subsequent measuring period following the reprocess-
ing period.

According to embodiments of the present invention, a mea-
sured voltage and a measured current of a plurality of cells
may be synchronized, and an accurate SOC can be calculated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a grid-connected power stor-
age system according to an exemplary embodiment of the
present invention.

FIG. 2 is a block diagram of a power storage system
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1.

FIG. 3 is a flowchart of a SOC calculation process accord-
ing to the exemplary embodiment of the present invention
shown in FIG. 1.
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FIG. 4 is a timing diagram of a method for synchronization
of' a measured voltage and a measured current of a battery
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1.

FIG. 5 is a timing diagram of a method for synchronization
of' a measured voltage and a measured current of a battery
according to another exemplary embodiment of the present
invention.

FIG. 6 is a block diagram of a power storage system
according to the exemplary embodiment of the present inven-
tion shown in FIG. 5.

FIG. 7 is a flowchart of a SOC calculation process accord-
ing to the exemplary embodiment of the present invention
shown in FIG. 5.

DETAILED DESCRIPTION

The embodiments of present invention will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
present invention.

Further, in the exemplary embodiments, like reference
numerals designate like elements throughout the specifica-
tion representatively in a first exemplary embodiment and
only elements other than those of the first exemplary embodi-
ment will be described thereafter.

The drawings and description are to be regarded as illus-
trative in nature and not restrictive.

Throughout this specification and the claims that follow,
when it is described that an element is “coupled” to another
element, the element may be “directly coupled” to the other
element or “electrically coupled” to the other element
through one or more other elements. In addition, unless
explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of stated elements, but not
to imply the exclusion of any other elements.

FIG. 1 is a block diagram of a grid-connected power stor-
age system according to an exemplary embodiment of the
present invention.

Referring to FIG. 1, a grid-connected power storage system
100 includes a power management system 110 and a power
storage apparatus 120.

The grid-connected power storage system 100 is electri-
cally coupled with a power generation system 130, a common
grid 140, and a load 150.

The power generation system 130 includes a system for
generating renewable electric energy using sunlight, wind
power, wave power, tidal power, or terrestrial heat. For
example, a solar power generating system includes a solar cell
module formed of a plurality of solar cells, which convert
sunlight to electric energy, that are electrically coupled in
series or in parallel.

The common grid 140 includes a power generation plant
for generating power through, for example, steam power gen-
eration, water power generation, or nuclear power generation,
and a substation that changes the electrical properties of volt-
age or current to transmit generated power through a power
transmission line, a power distribution line, or a transmission
station.

The load 150 represents various electric devices that con-
sume power. For example, it may represent home electronics
or factory equipment.
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The power management system 110 is a system that elec-
trically couples electric grids of power of the power genera-
tion system 130, power of the common grid 140, and power of
the power storage apparatus 120. The power management
system 110 can manage a time difference between production
and consumption through power grids using the power stor-
age apparatus 120.

The power storage apparatus 120 includes a rechargeable
battery that can be repeatedly charged and discharged. The
rechargeable battery may include any of a nickel-cadmium
battery, a lead-acid battery, a nickel-metal hydride battery, a
lithium ion battery, and a lithium polymer battery.

The power storage apparatus 120 includes a battery rack
that includes a plurality of battery trays including a plurality
of cells (e.g., battery cells) coupled in series or in parallel.

A controller (e.g., a battery management system (BMS))
that controls charging and discharging of the rechargeable
battery may be included in the power storage apparatus 120 or
the power management system 110. In further detail, the
controller includes a rack controller (e.g., a rack BMS) for
managing a plurality of tray controllers (e.g., tray BMSs) for
respectively managing the plurality of battery trays and the
battery rack.

The tray controller detects a voltage and a temperature of
each cell included in the battery tray, measures a tray current
to monitor a state of charge (SOC) and a state of health (SOH)
of the battery tray, and performs cell balancing based on a
measured voltage of each cell. With such management, effi-
ciency of the battery tray can be improved. A tray current
flows to the battery tray, and the plurality of battery trays
forming the battery rack respectively have the same tray
current.

The rack controller can synchronize the tray controllers by
controlling operation of the tray controllers. In addition,
when the rack controller controls each tray controller, mea-
surement of a tray current does not need to be performed for
each tray controller. The tray current measurement may be
performed once according to control of the rack controller.
The tray controller and/or rack controller can synchronize
measurement of cell voltages and measurement of tray cur-
rent, and can calculate a state of charge (SOC) using the
measured cell voltages and the measured tray current. The
SOC is a charging amount that indicates a discharging
amount (%) that can be performed by the battery (e.g., the
battery rack) with respect to a full charge capacity (FCC).

The power management system 110 includes a first power
converter 111, a second power converter 112, a third power
converter 113, a first switch 116, a second switch 117, a DC
link device 118, and a control device (e.g., controller) 119.

The first power converter 111 is electrically coupled to the
power generation system 130 and changes first power gener-
ated from the power generation system 130 to second power
and transmits the second power to a first node N1. The first
power generated from the power generation system 130 may
be direct current (DC) power or alternating current (AC)
power, and the second power of the first node N1 is DC power.
That is, the first power converter 111 may convert the first
power of DC into the second power having another magni-
tude, or may be a rectifier for converting the first power of AC
power into the second power of DC.

The first power converter 111 performs Maximum Power
Point Tracking (hereinafter referred to as “MPPT”) control
for maximizing power generated by the power generation
system 130. That is, the first power converter 111 may be an
MPPT converter having a maximum power point tracking
function.
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The DC link device 118 is electrically coupled to the first
node N1, and maintains a voltage level of the first node N1 at
a constant DC link voltage level. The DC link device 118
prevents the voltage level of the first node N1 from being
unstable due to fluctuation of an output voltage of the power
generation system 130, an instantaneous voltage drop, and
maximum load occurrence of the load 150 for normal opera-
tion of the second and third power converters 112 and 113.

The DC link device 118 may be a DC link capacitor that is
electrically coupled in parallel between the first node N1 and
the second power converter 112. The DC link capacitor may
include an electrolytic capacitor, a polymer capacitor, and a
multi-layer ceramic capacitor.

The second power converter 112 is electrically coupled
between the first node N1 and a second node N2, and the
common grid 140 and the load 150 are electrically coupled to
the second node N2. The second power converter 112 changes
DC power of the first node N1 to AC power and transmits the
AC power to the second node N2. In addition, the second
power converter 112 changes the AC power of the second
node N2 to DC power and transmits the DC power to the first
node N1. That is, the second power converter 112 may per-
form as a bi-directional converter that converts the DC power
of'the first node N1 and the AC power of the second node N2
bi-directionally. In the second node N2, AC power supplied to
the common grid 140 and the load 150 or AC power supplied
from the common grid 140 are formed.

The third power converter 113 is electrically coupled
between the first node N1 and the power storage apparatus
120. The third power converter 113 changes the second power
of DC to third power of DC to be stored in the power storage
apparatus 120, and then transmits the changed power to the
power storage apparatus 120. Further, the third power con-
verter 113 changes the third power of DC in the power storage
apparatus 120 to the second power of DC and transmits the
changed power to the first node N1. That is, the third power
converter 113 can perform a function of a bi-directional con-
verter that changes DC power of the first node N1 and DC
power of the power storage apparatus 120 bi-directionally.

The first switch 116 is electrically coupled between the
second power converter 112 and the second node N2, and
blocks power flow between the second power converter 112
and the second node N2. The second switch 117 is electrically
coupled between the common grid 140 and the second node
N2, and blocks power flow between the common grid 140 and
the second node N2. For the first switch 116 and the second
switch 117, a field effect transistor (FET) or a bipolar junction
transistor (BJT) may be used.

Particularly, the second switch 117 blocks power supply to
the common grid 140 and realizes separate driving of the
grid-connected power storage system 100 when the common
grid 140 is in abnormal conditions. When the second switch
117 is turned off, the grid-connected power storage system
100 is separated from the common grid 140 such that itcan be
separately driven using power of the power generation system
130 and the power storage apparatus 120, and power output
from the grid-connected power storage system 100 can pre-
vent the common grid 140 from being driven in the abnormal
conditions.

The control device 119 controls the entire operation of the
power management system 110. The control device 119
receives information (i.e., sensing signals of voltage, current,
and temperature) on power generated from the first power
converter 111, receives power storage information including,
for example, RSOC, SOC, and/or SOH from the power stor-



US 9,147,909 B2

7

age apparatus 120 (or controller, or BMS), and receives grid
information including the voltage, current, and temperature
of'a grid.

The control device 119 controls a driving mode of the
power management system 110 based on the power informa-
tion generated from the power generation system 130, the
power storage information of the power storage apparatus
120, and the grid information of the common grid 140.

The control device 119 receives sensing signals of the
voltage, the current, and the temperature from the first power
converter 111, the second power converter 112, and the third
power converter 113, and controls power conversion effi-
ciency of the respective power converters 111, 112, and 113
according to the driving mode of the power management
system 110. The control device 119 controls the first and
second switches 116 and 117 according to the driving mode
of the power management system 110.

The driving mode power management system 110 may be
classified according to a power supply method between at
least two of the power storage apparatus 120, the power
generation system 130, the common grid 140, or the load 150.
The driving mode of the power management system 110
includes: (1) power supply from the power generation system
130 to the power storage apparatus 120; (2) power supply
from the power generation system 130 to the common grid
140; (3) power supply from the power generation system 130
to the load 150; (4) power supply from the power storage
apparatus 120 to the common grid 140; (5) power supply from
the power storage apparatus 120 to the load 150; (6) power
supply from the common grid 140 to the power storage appa-
ratus 120; and (7) power supply from the common grid 140 to
the load 150.

First, a method for the tray controller to synchronize mea-
surement voltages of the plurality of cells and measurement
of tray current and calculate a SOC using the measured cell
voltage and tray current will be described.

FIG. 2 is a block diagram of a power storage system
according to the exemplary embodiment of the present inven-
tion.

Referring to FIG. 2, the power storage apparatus 120 may
include a plurality of battery trays. One battery tray 220
among the plurality of battery trays will be described for
convenience of description.

The battery tray 220 includes a tray controller (e.g., a tray
BMS) 221, a current measuring device 222, a voltage mea-
suring device 223, and a plurality of cells (e.g., battery cells)
224. In FIG. 2, three cells (e.g., V11, V12, and V13) are
coupled in series in the battery tray 220, but the number of
cells included in the battery tray is not limited thereto.

The tray controller 221 measures a cell voltage and a tray
current of each of the plurality of cells 224 included in the
battery tray 220, and manages charging and discharging of the
battery tray 220.

The tray controller 221 can receive various cell voltage
data (e.g., a plurality of cell voltage data) including, for
example, a voltage value and a measurement time of one of
the plurality of cells 224 from the voltage measuring device
223, and can receive tray current data including a current
value and a measurement time output to, or input from, the
battery tray 220 from the current measuring device 222.

The tray controller 221 calculates a SOC of the battery tray
220 using cell voltage and tray current data included in a
measuring period during which the measurement time of the
cell voltage data corresponds to the measurement time of the
current time.

The current measuring device 222 is electrically coupled to
the plurality of cells 224 coupled in series to measure the
amount of input or output current of the plurality of cells 224.

10

15

20

25

30

35

40

45

50

55

60

65

8

The current measuring device 222 includes a real time clock
(RTC) (not shown) for calculation of a measurement time of
the current amount. The current measuring device 222 gen-
erates the tray current data including a current value of a
current flowing to the plurality of cells 224 and a measure-
ment time, and transmits the tray current data to the tray
controller 221. The current measuring device 222 may peri-
odically transmit the tray current data according to measuring
period (e.g., a predetermined measuring period).

The voltage measuring device 223 is electrically coupled to
each of the plurality of cells 224 coupled in series to measure
a voltage of each of the plurality of cells 224. The voltage
measuring device 223 uses a RTC for calculation of a mea-
surement time of a voltage of each of the plurality of cells 224.

The voltage measuring device 223 generates cell voltage
data including a voltage value of one of the plurality of cells
224 and a measurement time, and transmits the data to the tray
controller 221.

The cell voltage data includes first cell voltage data includ-
ing a voltage value and a measurement time of a first cell V11,
second cell voltage data including a voltage value and a
measurement time of'a second cell V12, and third cell voltage
data including a voltage value and a measurement time of a
third cell V13.

That is, the voltage measuring device 223 can generate
various cell voltage data corresponding to the plurality of
cells 224, and can transmit the generated data to the tray
controller 221. The voltage measuring device 223 can
sequentially transmit the cell voltage data during the measur-
ing period.

The tray controller 221 can generate a clock signal that
controls a phase and a frequency of a RTC, and may periodi-
cally transmit the generated clock signal to the current mea-
suring device 222 and the voltage measuring device 223 for
maintaining synchronization of a RTC of the current measur-
ing device 222 and a RTC of the voltage measuring device
223.

The current measuring device 222 and the voltage measur-
ing device 223 maintain synchronization therebetween by
matching their RTCs according to the received clock signal.

A process for calculating the SOC of the battery tray 220
will now be described.

FIG. 3 is a flowchart of a SOC calculation process accord-
ing to the present embodiment.

Referring to FIGS. 2 and 3, the tray controller 221 may
periodically transmit a clock signal to the voltage measuring
device 223 and the current measuring device 222 for synchro-
nization of the voltage measuring device 223 and the current
measuring device 222 (S101 and S102). The voltage measur-
ing device 223 and the current measuring device 222 can
match synchronization therebetween by controlling their
RTC:s using the received clock signal.

The voltage measuring device 223 measures a voltage of
each of the plurality of cells 224 included in the battery tray
220 (S111). In the present embodiment, the voltage measur-
ing device 223 measures a measurement time of the cell
voltage measurement of each of the plurality of cells 224
using the RTC. The voltage measuring device 223 generates
cell voltage data of the plurality of cells 224. The cell voltage
data includes a voltage value and a measurement time of one
of the plurality of cells 224.

The current measuring device 222 measures an input or
output tray current of the battery tray 220 (S112). In this case,
the current measuring device 222 measures a measurement
time at which the tray current is measured using the RTC. The
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current measuring device 222 generates tray current data
including a current value and a measurement time of the tray
current.

The voltage measuring device 223 sequentially transmits
the cell voltage data to the tray controller 221 (S121).

The current measuring device 222 transmits the tray cur-
rent data to the tray controller 221 (S122).

The tray controller 221 calculates the SOC of the battery
tray 220 using the cell voltage data and the tray current data
(8130). The SOC calculation process can be realized using
various processors. For example, the tray controller 221 con-
verts the cell voltages of the respective cells 224 into charging
amounts (e.g., converts cell voltage data into data represent-
ing changing amounts), and calculates a SOC of the battery
tray 220 by dividing the converted charging amounts with a
FCC. Alternatively, the tray controller 221 converts the cell
voltages of the plurality of cells 224 and calculates the SOC of
the battery tray 220 by dividing the converted charging
amount with the FCC. Alternatively, the tray controller 221
converts the tray current into the charging amount (e.g., con-
verts the tray current data into data representing charging
amount) by integrating the tray current, and calculates the
SOC of the battery tray 220 by dividing the converted charg-
ing amount with the FCC.

Transmission of the cell voltage data is performed for a
measuring period (e.g., a predetermined measuring period)
during which the tray current data is transmitted. That is, the
tray current data is transmitted once during the measuring
period, but the various cell voltage data are respectively trans-
mitted with a number of periods that corresponds to the num-
ber of cells included in the battery tray during the measuring
period. Thus, a delay or an error may occur in the transmis-
sion of the cell voltage data as compared to transmission of
the tray current data. Due to the transmission delay or trans-
mission error of the cell voltage data, the cell voltage data and
the tray current data cannot be synchronized with the same
period of transmission, and the calculation of the RSOC of the
battery tray 220 may be inaccurate.

Hereinafter, a method for synchronization of the cell volt-
age data and the tray current data by correcting the transmis-
sion delay or the transmission error of the cell voltage data in
the tray controller 221 will be described.

FIG. 4 is a timing diagram of a synchronization method of
the measured voltage and the measured current of the battery
according to the present exemplary embodiment.

Referring to FIG. 4, the cell voltage data and the tray
current data are measured during a measuring period (e.g., a
predetermined measuring period). The measuring period is a
period for accurate calculation of a SOC in an environment
during which charging and discharging are iteratively per-
formed within a short period time. The measuring period may
be set to about 250 ms, for example, in one embodiment.

The measuring period may include a transmission section,
or transmission period, during which the various cell voltage
data and the tray current data are transmitted, and a process-
ing section (e.g., processing period) during which the SOC is
calculated. The tray controller stores cell voltage data and tray
current data received during the processing section, and cal-
culates the SOC. In addition, the voltage measuring device
measures the plurality of cell voltages during the processing
section, and the current measuring device measures a tray
current during the processing section.

During the transmission section, the various cell voltage
data is sequentially transmitted, and the tray current data is
transmitted once. That is, the measuring period time matches
the transmission period of the tray current data, and cell
voltage data of the plurality of cells 224 included in the
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battery tray 220 may be transmitted during a period in which
the tray current data is transmitted once.

The tray controller synchronizes a transmission period of
the cell voltage data and a transmission period of the tray
current data transmitted during the same measuring period.
That is, the tray controller calculates the SOC of the battery
tray 220 by ensuring that the cell voltage data and the tray
current data transmitted during the same measuring period
are concurrently (e.g., simultaneously) transmitted. The tray
controller determines a measurement time in the cell voltage
data to determine a measuring period including a measure-
ment time of the corresponding cell voltage data. In addition,
the tray controller can determine a measuring period includ-
ing a measuring period of the corresponding tray current data
by determining a measuring period in the tray current data.
Thus, the tray controller can find cell voltage data included in
a measuring period during which a measurement time of the
cell voltage data corresponds to a measurement time of the
tray current data among the various cell voltage data received
from the voltage measuring device.

As shown in FIG. 4, during a transmission section, or
transmission period, of a first measuring period t1, cell volt-
age data V11_t1,V12_t1, and V13_t1 of the plurality of cells
V11, V12, and V13 are sequentially transmitted and tray
current data I_t1 is transmitted. During a processing section
of the first measuring period tl, the controller synchronizes
transmission of the cell voltage data V11_t1, V12_t1, and
V13_t1 and transmission of the tray current data I_t1 in the
same period. The tray controller can calculate the SOC of the
first measuring period t1 by using the cell voltage data
V11_t1, V12_t1, and V13_t1 and the tray current data [_t1.

In a second measuring period t2, when a first transmission
error E1 of cell voltage data of the second cell V12 occurs, the
tray controller error-processes the cell voltage data having the
transmission error E1, and replaces cell voltage data V12_t1
of'the second cell V12 received in the first measuring period
t1 with cell voltage data of the second cell V12 of a second
measuring period t2. In this case, the tray controller may
provide an error display for first transmission error E1. The
error display may be provided to a user through a display
device electrically coupled to the power storage apparatus
120 or the power management system 110.

That is, the tray controller error-processes the cell voltage
data having a transmission error in the present measuring
period, and replaces a voltage of the error-processed cell
voltage data with a previous value received before the present
measuring period.

The tray controller calculates a SOC of the second mea-
suring period 2 using correctly (e.g., normally) received cell
voltage data V11_t2, and t2, the replaced cell voltage data
V12_tl, and tray current data [_t2.

In a third measuring period t3, the cell voltage data of the
cell V12 having the transmission error E2 in the second mea-
suring period t2 may be transmitted with priority.

That is, the various cell voltage data is sequentially trans-
mitted during a measuring period, but cell voltage data
including a voltage value of a cell corresponding to the cell
voltage data having a transmission error in a previous mea-
suring period (e.g., a measuring period preceding a present
measuring period) may be transmitted with priority in the
present measuring period.

When a second transmission error E2 of the cell voltage
data ofthe cell V12 that experienced the transmission error E1
in the second measuring period t2 occurs in the third measur-
ing period t3 (e.g., when a transmission error occurs in two
consecutive measuring periods), the tray controller error-pro-
cesses the cell voltage data having the second transmission



US 9,147,909 B2

11

error E2, and replaces the cell voltage data of the second cell
V12 of the third measuring period t3 with the correctly
received cell voltage data V12_t1 of the first measuring
period tl. In this case, the tray controller provides an error
display for the second transmission error E2 and requests
re-transmission of the cell voltage data of the second cell V12
from the voltage measuring device.

That is, the tray controller requests re-transmission of cell
voltage data having a transmission error from the voltage
measuring device when voltage data of a cell corresponding
to the cell voltage data experienced a transmission error in a
previous measuring period of a present measuring period is
error-processed.

In a fourth measuring period t4, when cell voltage data
V12_t4 of the cell V12 that experienced the transmission
error B2 in the third measuring period t3 is correctly received,
the tray controller replaces a voltage value of the cell voltage
data of the second cell V12 with the cell voltage data V12_t4
received in the fourth measuring period t4. The tray controller
calculates a SOC of the third measuring period t3 using the
cell voltage data V11_t3 and V13_t3 correctly received in the
third measuring period t3, the replaced cell voltage data
V12_t4, and the tray current data I_t3 in a re-processing
section (e.g., reprocessing period) during which the cell volt-
age data V12_t4 of the second cell V12 is received with
priority.

That is, the tray controller error-processes the cell voltage
data having a transmission error in the present measuring
period and replaces a voltage value of the error-processed cell
voltage data with a voltage value of the next cell voltage data
received after the present measuring period.

In other words, the tray controller replaces cell voltage data
having a transmission error in the previous measuring period
with cell voltage data transmitted with priority in the present
measuring period. The tray controller calculates a SOC of the
previous measuring period by replacing the cell voltage data
having the transmission error in the previous measuring
period with the cell voltage data of the present measuring
period.

As described, the cell voltage data and the tray current data
that are transmitted during a measuring period are synchro-
nized to be transmitted during the same period, and cell
voltage data having a transmission error is replaced with one
of a value received in the previous measuring period and a
value received in the next measuring period to supplement the
transmission error of the cell voltage data, thereby calculating
a further accurate SOC.

FIG. 5 is a timing diagram of a method for synchronization
of' a measured voltage and a measured current of a battery
according to another exemplary embodiment of the present
invention.

Referring to FIG. 5, a difference with FIG. 4 is that the tray
controller error-processes the cell voltage data and tray cur-
rent data transmitted during a present measuring period when
cell voltage data, which corresponds to at least one of the
plurality of cells V11, V12, and V13, received during the
present measuring period experiences a transmission error.
The tray controller replaces the error-processed cell voltage
data with cell voltage data correctly received in the previous
measuring period of the present measuring period. The tray
controller replaces error-processed tray current data with tray
current data correctly received in the previous period of the
present measuring period.

As shown in FIG. 5, when a first transmission error E1 of
cell voltage data of a second cell V12 occurs in a second
measuring period t2, the tray controller error-processes cell
voltage data V11_t2, E1, and V13_t2 received during the
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second measuring period t2 and replaces the error-processed
data with cell voltage data V11_t1, V12_ul, and V13_t1 that
is correctly received in a first measuring period t1. In addition,
the tray controller error-processes tray current data [_t2 trans-
mitted during the second measuring period t2, and replaces
the error-processed data with tray current data I_t1 correctly
received in the first measuring period t1.

That is, the tray controller calculates a SOC of the second
measuring period t2 during which the transmission error E1
occurred by using the cell voltage data and the tray current
data I_t1 that are correctly received in the first measuring
period t1.

In addition, when a second transmission error E2 of cell
voltage data of a second cell V12 occurs in a third measuring
period t3, the tray controller calculates a SOC of the third
measuring period t1 using the cell voltage data and the tray
current data I_pl that are correctly received in the first mea-
suring period t1.

In the fourth measuring period t4, when cell voltage data
V12_t4 of the cell V12 that experienced the second transmis-
sion error E2 in the fourth measuring period t4 is correctly
received, the tray controller replaces a voltage value of the
cell voltage data of the second cell V12 of the third measuring
period t3 with the cell voltage data V12_t4 correctly received
in the fourth measuring period t4. In addition, the tray con-
troller calculates a SOC of the fourth measuring period t4
using the cell voltage data V11_t3 and V13_t3 and the tray
current data I_t3 that are correctly received in the third mea-
suring period t3 as well as the replaced cell voltage data
V12_t4.

In FIG. 4 and FIG. 5, the tray current data is transmitted at
a time point when the last cell voltage data is transmitted
during the transmission section, but it is not limited thereto.
The tray current data may be transmitted at a time point at
which the first cell voltage data is transmitted during the
transmission section, or may be transmitted at a time point
that is not overlapped with a time point at which the cell
voltage data is transmitted.

Next, a method for the rack controller to synchronize volt-
age measurement and rack current measurement of the plu-
rality of battery trays and calculate a SOC using the measured
tray voltage and the measured rack current will now be
described.

FIG. 6 is a block diagram of a power storage system
according to the exemplary embodiment of the present inven-
tion depicted in FIG. 5.

Referring to FIG. 6, a power storage apparatus 120
includes at least one battery rack 200. The battery rack 200
includes a rack controller 210 and a plurality of battery trays
220-1, 220-2, . . ., and 220-x. The plurality of battery trays
220-1, 220-2, . . ., and 220-% respectively include tray con-
trollers 221-1, 221-2, . . . , and 221-n, voltage measuring
devices 223-1, 223-2, ..., and 223-n, and a plurality of cells
224-1,224-2, . .., and 224-n.

The rack controller 210 manages charging and discharging
of'the plurality of battery trays 220-1, 220-2, . . . , and 220-n.
The rack controller 210 receives tray voltage data including a
voltage value and a measurement time of each battery tray
from each of the plurality of tray controllers 221-1,
221-2, ..., and 221-x. The rack controller 210 receives rack
current data including an output or input current value of the
battery rack 220, and receives a measurement time from a
rack current measuring device 230. The rack controller 210
can calculate a SOC of'the battery rack 200 using tray voltage
data and rack current data included in a measuring period
during which the measurement time of the tray voltage data
corresponds to the measurement time of the rack current data.
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The rack current measuring device 230 is electrically
coupled to the battery rack 200 to measure an output or input
current of the battery rack 200. The rack current measuring
device 230 uses a RTC for calculation of a measurement time
of'the current amount. The rack current measuring device 230
generates rack current data including a current value of a
current flowing in the plurality of cells 224 included in the
battery rack 200 and a measurement time, and transmits the
rack current data to the rack controller 210. The rack current
measuring device 230 may periodically transmit the rack
current data according to a measuring period (e.g., a prede-
termined measuring period).

Each of the plurality of tray controllers 221-1, 221-2, .. .,
and 221-» measures a tray voltage thereof. Each of the plu-
rality of tray controllers 221-1,221-2, . .., and 221-r uses a
RTC for calculation of a measurement time of a tray voltage.
Each of the plurality of tray controllers 221-1,221-2, ..., and
221-n generates tray voltage data including a tray voltage and
ameasurement time, and transmits the tray voltage data to the
rack controller 210. Each of the plurality of tray controllers
221-1, 221-2, . . ., and 221-z sequentially transmits tray
voltage data.

To maintain synchronization between the plurality of tray
controllers 221-1, 221-2, . . ., and 221-» and the rack current
measuring device 230, the rack controller 210 generates a
clock signal that controls a phase and a frequency of the RTC,
and may periodically transmit the clock signal to the plurality
of tray controllers 221-1, 221-2, . . ., and 221-z and the rack
current measuring device 230.

The plurality of tray controllers 221-1, 221-2, . . ., and
221-n and the rack current measuring device 230 maintain the
synchronization therebetween by matching their RTCs
according to the received clock signal.

A SOC calculation process of the battery rack 200 will now
be described.

FIG. 7 is a flowchart of a SOC calculation process accord-
ing to the present embodiment.

Referring to FIGS. 6 and 7, the first tray controller 221-1
among N tray controllers and the rack current measuring
device 230 will be illustrated for convenience of description.
Operations of the second tray controller 221-2 to the N-th tray
controller 221-» are the same as that of the first tray controller
221-1. However, N tray controllers sequentially transmit tray
voltage data thereof.

The rack controller 210 may be provided with a RTC, and
may periodically transmit a clock signal to the plurality of
tray controllers 221-1, 221-2, . . . , and 221-» and the rack
current measuring device 230 for maintaining synchroniza-
tion of the plurality of tray controllers (S201 and S202). The
plurality of tray controllers 221-1, 221-2, . . . , and 221-» and
the rack current measuring device 230 can match synchroni-
zation therebetween by using the received clock signal.

The first tray controller 221-1 measures a tray voltage of
the first battery tray 220-1 (S211). The tray voltage of the first
battery tray 220-1 may be a voltage of all of the cells 224-1
included in the first battery tray 220-1. The first tray controller
221-1 measures a time at which the tray voltage is measured
using the RTC. The first tray controller 221-1 generates first
tray voltage data including the tray voltage and the measure-
ment time.

The rack current measuring device 230 measures a rack
current (S212). The rack current is an output or input current
of the battery rack 200. The rack current measuring device
230 measures a time at which the rack current is measured
using the RTC. The rack current measuring device 230 gen-
erates rack current data including a current value of the rack
current and the measurement time.
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The first tray controller 221-1 transmits the first tray volt-
age data to the rack controller 210 (S221). Tray voltage data
generated from the first tray controller 221-1 to the N-th tray
controller 221-» are sequentially transmitted to the rack con-
troller 210.

The rack current measuring device 230 transmits the rack
current data to the rack controller 210 (S222).

The rack controller 210 calculates the SOC of the battery
rack 200 using the various tray voltage data (e.g., the plurality
of tray voltage data) and the rack current data (S230).

Transmission of the various tray voltage data is performed
for a measuring period (e.g., a predetermined measuring
period) during which the rack current data is transmitted. That
is, the rack current data is transmitted once during the mea-
suring period, but the tray voltage data is transmitted for a
number of times that corresponds to the number of battery
trays included in the battery rack 200 during the measuring
period.

The method for the tray controller to synchronize the plu-
rality of cell voltage data and the tray current data has been
described with reference to FIGS. 4 and 5. With the same
method, the rack controller 210 synchronizes the tray voltage
data and the rack current data. That is, the cell voltage data of
FIG. 4 and FIG. 5 corresponds to the tray voltage data trans-
mitted from the plurality of tray controllers 221-1,
221-2, . .., and 221-n. In addition, the tray current data of
FIG. 4 and FIG. 5 corresponds to the rack current data. Thus,
the rack controller 210 synchronizes the plurality of tray
voltage data and the rack current data and calculates the SOC
using the method of FIG. 4 and FIG. 5.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims. Therefore, it will be appreciated to those
skilled in the art that various modifications are made and other
equivalent embodiments are available. Accordingly, the
actual scope of the present invention must be determined by
the spirit of the appended claims, and equivalents thereof.

DESCRIPTION OF SOME OF THE
REFERENCE CHARACTERS

100: grid-connected power storage 110:
system
120: power storage system

140: common grid

power management system

130: power generation system
150: load

200: battery rack 210: rack controller (or rack BMS)
220: battery tray 221: tray controller (or tray BMS)
222: current measuring device 223: voltage measuring device

What is claimed is:

1. A controller of a power storage system, the controller

comprising:

a voltage measuring device configured to be electrically
coupled to at least one cell and to generate first voltage
data, the first voltage data comprising a first voltage
value and a first voltage measurement time of a voltage
of the at least one cell; and

a current measuring device configured to be electrically
coupled to the at least one cell and to generate first
current data, the first current data comprising a first
current value and a first current measurement time of a
current through the at least one cell, the first voltage
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measurement time corresponding to the first current
measurement time in a first measuring period,

a battery management system configured to generate a
clock signal transmitted to the voltage measuring device
and the current measuring device to synchronize the first
voltage data and the first current data in a first transmis-
sion period of the first measuring period.

2. The controller of claim 1, wherein the voltage measuring
device is configured to transmit the first voltage data in a
number of first voltage data transmission periods correspond-
ing to a number of cells of the at least one cell during the first
transmission period in the first measuring period, each of the
first voltage data transmission periods corresponding to the
first voltage measurement time of the first voltage data, and

wherein the current measuring device is configured to
transmit the first current data in a first current data trans-
mission period during the first transmission period in the
first measuring period, the first current data transmission
period corresponding to the first current measurement
time of the first current data.

3. The controller of claim 1, wherein the first measuring
period further comprises a first processing period for calcu-
lating a first state of charge using the first voltage data and the
first current data.

4. The controller of claim 3, wherein the voltage measuring
device is further configured to generate second voltage data
comprising a second voltage value and a second voltage mea-
surement time of the voltage of the at least one cell during a
second measuring period,

wherein the current measuring device is further configured
to generate second current data comprising a second
current value and a second current measurement time of
the current through the at least one cell during the second
measuring period, and

wherein the controller is configured to calculate a second
SOC using the second current data, the first voltage data
corresponding to one or more cells of the at least one
cell, and the second voltage data corresponding to other
cells of the atleast one cell, when the second voltage data
corresponding to the one or more cells of the at least one
cell is erroneous.

5. The controller of claim 4, wherein the controller further
comprises a display device configured to display an error
message when the second voltage data is erroneous.

6. The controller of claim 5, wherein the controller is
configured to send a retransmission request to the voltage
measuring device when the second voltage data is repeatedly
erroneous.

7. The controller of claim 4, wherein the controller is
further configured to re-calculate the second SOC using the
second current data, third voltage data corresponding to the
one or more cells of the at least one cell generated during a
third measuring period following the second measuring
period, and the second voltage data corresponding to the other
cells of the at least one cell, when the second voltage data
corresponding to the one or more cells of the at least one cell
is erroneous.

8. The controller of claim 3, wherein the voltage measuring
device is further configured to generate second voltage data
comprising a second voltage value and a second voltage mea-
surement time of the voltage of the at least one cell during a
second measuring period,

wherein the current measuring device is further configured
to generate second current data comprising a second
current value and a second current measurement time of
the current through the at least one cell during the second
measuring period, and
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wherein the controller is configured to calculate a second
SOC using the first current data and the first voltage data
corresponding to the at least one cell, when the second
voltage data corresponding to one or more cells of the at
least one cell is erroneous.

9. The controller of claim 8, wherein the controller further
comprises a display device configured to display an error
message when the second voltage data is erroneous.

10. The controller of claim 9, wherein the controller is
configured to send a retransmission request to the voltage
measuring device.

11. The controller of claim 8, wherein the controller is
further configured to re-calculate the second SOC using the
second current data, third voltage data corresponding to the
one or more cells of the at least one cell generated during a
third measuring period following the second measuring
period, and the second voltage data corresponding to other
cells of the at least one cell.

12. A power storage apparatus comprising a battery rack,
the battery rack comprising:

a rack controller configured to generate a clock signal to
synchronize voltage data and current data of at least one
cell;

a current measuring device configured to measure a current
through the at least one cell to determine a current value
of the current data;

a plurality of battery trays, each of the battery trays com-
prising:
avoltage measuring device configured to be electrically

coupled to one or more cells on a corresponding one
of'the battery trays from among cells of the at least one
cell;
a tray controller configured to be managed by the rack
controller, and configured to:
receive the voltage data from the voltage measuring
device, the voltage data comprising at least one of a
voltage value, a temperature value, or a measure-
ment time of the one or more cells on the corre-
sponding one of the battery trays; and
transmit the voltage data to the rack controller,
wherein the rack controller is configured to:
synchronize the voltage data with the current data;
and
calculate a rack state of charge using the voltage data
and the current data.

13. A method of operating a controller configured to cal-
culate a state of charge using voltage data and current data of
at least one cell, wherein, when the voltage data of one or
more cells of the at least one cell is erroneous in a present
measuring period, the method comprising:

calculating a present state of charge using most recently
correct voltage data of the one or more cells of the atleast
one cell, and using either:

correct present measuring period voltage data of other cells
of the at least one cell and correct present measuring
period current data, or

correct previous measuring period voltage data of the other
cells of the at least one cell and correct previous mea-
suring period current data.

14. The method of claim 13, wherein, when the voltage
data of the one or more cells of the at least one cell is errone-
ous in a present measuring period, the method further com-
prising:

displaying an error message;

transmitting a retransmission request to request subse-
quent measuring period voltage data of the one or more
cells of the at least one cell have priority over subsequent
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voltage data of the other cells of the at least one cell in a
subsequent measuring period; and

transmitting the subsequent voltage data of the one or more

cells of the at least one cell in the subsequent measuring
period with priority over the subsequent voltage data of
the other cells of the at least one cell.
15. The method of claim 13, wherein, when subsequent
voltage data of the one or more cells of the at least one cell is
correctly transmitted, the method further comprising:
calculating a first subsequent state of charge in a subse-
quent measuring period using the present measuring
period voltage data of the other cells of the at least one
cell and subsequent measuring period voltage data of the
one or more cells of the at least one cell during a repro-
cessing period in the subsequent measuring period; and

calculating a second subsequent state of charge in the sub-
sequent measuring period using the subsequent measur-
ing period voltage data of the other cells of the at least
one cell and the subsequent measuring period voltage
data ofthe one or more cells of the at least one cell during
a processing period in the subsequent measuring period
following the reprocessing period.
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